Award  Number:  W81XWH-11-1-0593 


AD 


TITLE  :  Regenerative  Stem  Cell  Therapy  for  Breast  Cancer  Bone  Metastasis 


PRINCIPAL  INVESTIGATOR:  Selvarangan  Ponnazhagan,  Ph.D. 


CONTRACTING  ORGANIZATION:  The  University  of  Alabama  at  Birmingham 

Birmingham,  AL  35294-0007 


REPORT  DATE:  September  2013 


TYPE  OF  REPORT:  Annual  Report 


PREPARED  FOR:  U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  Public  Release; 

Distribution  Unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are  those  of 
the  author (s)  and  should  not  be  construed  as  an  official  Department  of  the 
Army  position,  policy  or  decision  unless  so  designated  by  other 
documentation . 


1 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining  the 
data  needed,  and  completing  and  reviewing  this  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  information,  including  suggestions  for  reducing 
this  burden  to  Department  of  Defense,  Washington  Headquarters  Services,  Directorate  for  Information  Operations  and  Reports  (0704-0188),  1215  Jefferson  Davis  Highway,  Suite  1204,  Arlington,  VA  22202- 
4302.  Respondents  should  be  aware  that  notwithstanding  any  other  provision  of  law,  no  person  shall  be  subject  to  any  penalty  for  failing  to  comply  with  a  collection  of  information  if  it  does  not  display  a  currently 
valid  OMB  control  number.  PLEASE  DO  NOT  RETURN  YOUR  FORM  TO  THE  ABOVE  ADDRESS. 


2.  REPORT  TYPE  Annual 


1.  REPORT  DATE  (DD-MM-YYYY) 

September  2013 


4.  TITLE  AND  SUBTITLE 

Regenerative  Stem  Cell  Therapy  for  Breast  Cancer  Bone  Metastasis 


6.  AUTHOR(S) 


Selvarangan  Ponnazhagan,  Ph.D 


3.  DATES  COVERED  (From  -  To) 

15  st2012  -  14  st20 1 3 


5a.  CONTRACT  NUMBER 

W81XWH-1 1-1-0593 


5b.  GRANT  NUMBER 

W81XWH-11-1-0593 


5c.  PROGRAM  ELEMENT  NUMBER 


5d.  PROJECT  NUMBER 


5e.  TASK  NUMBER 


5f.  WORK  UNIT  NUMBER 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

The  University  of  Alabama  at 
Birmingham 

Birmingham,  AL  35294-0007 


9.  SPONSORING  /  MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

U.S.  Army  Medical  Research  and  Materials  Command 


8.  PERFORMING  ORGANIZATION 
REPORT 


10.  SPONSOR/MONITOR’S  ACRONYM(S) 


504  Scott  Street 
Fort  Detrick 
MD  21702-5012 


11.  SPONSOR/MONITOR’S  REPORT 
NUMBER(S) 


12.  DISTRIBUTION  /  AVAILABILITY  STATEMENT  Approved  for  Public  Release;  Distribution  Unlimited 


13.  SUPPLEMENTARY  NOTES 


14.  ABSTRACT 

Bone  is  the  most  common  site  of  metastasis  for  human  breast  cancer  (BCa),  which  results  in  significant  morbidity 
and  mortality  in  patients  with  advanced  disease.  A  vicious  cycle,  arising  due  to  the  interaction  of  BCa  cells  and 
cells  in  the  bone  microenvironment  results  in  the  activation  of  osteoclasts  and  increased  osteolytic  bone  destruction. 
The  major  treatment  to  reduce  the  burden  of  bone  metastasis  in  BCa  patients  is  bisphosphonate  therapy.  Despite 
significant  efforts  to  improve  the  potency  of  bisphosphonates,  the  complications  are  only  retarded  but  not  prevented. 
Thus,  development  of  newer  therapies  that  can  both  ameliorate  the  threshold  of  bone  destruction  and  increase 
survival  of  patients  with  metastatic  breast  disease  will  be  highly  beneficial.  The  central  hypothesis  of  the  proposed 
work  is  bone-targeted  delivery  of  genetically-engineered  MSC,  over-expressing  OPG,  will  prevent  osteolytic  bone 
damage  and  restore  skeletal  remodeling.  Further,  based  on  the  requirement  of  angiogenesis  for  tumor  growth  in 
primary  and  metastatic  sites,  in  combination  with  a  systemically  stable  anti-angiogenic  therapy,  long-tenn  survival 
will  significantly  increase.  These  hypotheses  will  be  tested  in  this  proposal  using  an  immnocompetent,  preclinical 
mouse  model  of  BCa  dissemination  to  all  major  bones  as  in  human  patients. 


15.  SUBJECT  TERMS 

Bone  metastasis;  osteolysis;  osteoprotegerin 


16.  SECURITY  CLASSIFICATION  OF: 


a.  REPORT 


b.  ABSTRACT 


c.  THIS  PAGE 


17.  LIMITATION 
OF  ABSTRACT 

18. 

NUMBER 

OF  PAGES 

19a.  NAME  OF  RESPONSIBLE 
PERSON 

Selvarangan  Ponnazhagan 


19b.  TELEPHONE  NUMBER  (include 
area  code)  205-934-6731 


Standard  Form  298  (Rev.  8-98) 

Prescribed  by  ANSI  Std.  Z39.18 


2 


Table  of  Contents 


COVER .  1 

SF  298 .  2 

Table  of  Contents .  3 

Introduction .  4 

BODY .  5 

Key  Research  Accomplishments .  6 

Reportable  Outcomes .  7 

Conclusions .  7 

References . 

Appendices . 


3 


Title  of  the  Grant:  Regenerative  Stem  Cell  Therapy  for  Breast  Cancer  Bone  Metastasis 

Award  number:  W81XWH-1 1-1-0593 

Principal  Investigator:  Selvarangan  Ponnazhagan,  Ph.D. 

Annual  Report:  09/15/2012  -  09/14/2013 

INTRODUCTION 

Bone  is  the  most  common  site  of  metastasis  for  human  breast  cancer  (BCa),  which  results  in  significant 
morbidity  and  mortality  in  patients  with  advanced  disease.  A  vicious  cycle,  arising  due  to  the 
interaction  of  BCa  cells  and  cells  in  the  bone  microenvironment  results  in  the  activation  of  osteoclasts 
and  increased  osteolytic  bone  destruction.  The  major  treatment  to  reduce  the  burden  of  bone  metastasis 
in  BCa  patients  is  bisphosphonate  therapy.  Despite  significant  efforts  to  improve  the  potency  of 
bisphosphonates,  the  complications  are  only  retarded  but  not  prevented.  Thus,  development  of  newer 
therapies  that  can  both  ameliorate  the  threshold  of  bone  destruction  and  increase  survival  of  patients 
with  metastatic  breast  disease  will  be  highly  beneficial.  The  central  hypothesis  of  the  proposed  work  is 
bone-targeted  delivery  of  genetically-engineered  MSC,  over-expressing  OPG,  will  prevent  osteolytic 
bone  damage  and  restore  skeletal  remodeling.  Further,  based  on  the  requirement  of  angiogenesis  for 
tumor  growth  in  primary  and  metastatic  sites,  in  combination  with  a  systemically  stable  anti-angiogenic 
therapy,  long-term  survival  will  significantly  increase.  These  hypotheses  will  be  tested  in  this  proposal 
using  an  immnocompetent,  preclinical  mouse  model  of  BCa  dissemination  to  all  major  bones  as  in 
human  patients. 

Specific  Aims: 

1)  To  determine  therapeutic  effects  of  genetically-modified  MSC,  overexpressing  OPG,  for  osteolytic 
bone  damage  using  a  bone-targeted  delivery,  in  an  immunocompetent  mouse  model  of  BCa 
dissemination  to  the  bone 

2)  To  determine  the  combined  effect  of  MSC-OPG  therapy  with  systemically-stable  anti-angiogenic 
therapy  for  long-term  survival. 
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BODY 


During  the  last  year,  we  have  studied  synergistic  therapeutic  effects  of  osteoprotegerin  and  endostatin  in 
breast  cancer  progression  and  bone  lesions  in  a  mouse  model. 

Breast  cancer  has  the  highest  rate  of  incidence  among  women  in  the  United  States  and  is  the  second 
leading  of  cause  of  death  behind  lung  cancer.  Breast  cancer  frequently  metastasizes  to  the  skeleton 
producing  osteolytic  lesions  and  result  in  significant  morbidity  and  mortality  in  these  patients.  The 
malignant  cells  upregulate  the  expression  of  RANKL  within  the  skeleton.  RANKL  upon  binding  to 
RANK  on  the  surface  of  the  pre-osteoclasts  leads  to  enhanced  maturation  and  activity  of  the  osteoclasts 
which  is  responsible  for  active  bone  resorption.  OPG  is  a  decoy  receptor  for  RANKL  and  prevents 
RANKL-RANK  interaction.  In  our  laboratory  a  recombinant  adeno-associated  virus  (rAAV)  vector 
expressing  ligand  binding  domain  of  human  OPG  fused  to  Fc  region  of  human  IgGl  under  the  control  of 
hybrid  CMV  chicken  beta  actin  promoter  was  shown  to  prohibit  growth  of  MDA-MB-435  breast  tumor 
cells  within  the  skeleton  via  inhibition  of  osteoclast  mediated  bone  resorption.  Formation  of  new  blood 
vessels  that  supply  nutrient  to  the  growing  tumor  is  one  of  the  hallmarks  of  cancer  and  inhibition  of 
angiogenesis  has  been  shown  to  be  highly  effective  in  slowing  down  cancer  progression  in  many  studies 
and  clinical  trials.  rAAV  expressing  anti-angiogenic  human  endostatin  was  able  to  significantly  delay 
prostate  cancer  progression  in  a  spontaneous  transgenic  mouse  model  of  prostate  adenocarcinoma 
(Isayeva  et  ah,  2009).  In  the  present  study  we  aimed  to  test  the  combined  therapeutic  potential  of  OPG 
and  endostatin  in  a  murine  model  of  highly  aggressive  metastatic  breast  cancer. 

Recombinant  adeno-associated  virus  (rAAV)  containing  either  OPG  or  endostatin  were  generated  and 
purified  using  standard  protocols.  Viral  titers  were  determined  by  slot-blot  analysis.  1011  viral  particles 
of  either  rAAV-OPG.Fc  or  rAAV-endostatin  or  rAAV-OPG.Fc  and  rAAV-endostatin  combined  were 
delivered  intra-muscular  in  the 
gastrocnemius  muscle  of  right 
and  left  leg  respectively  in  4-6 
week-old  immunocompetent 
BALB/c  female  mice.  Control 
animals  were  injected  with  rAAV 
expressing  GFP.  Highly 
aggressive  murine  mammary 
cancer  cell  line  4T1  expressing 
firefly  luciferase  (105cells  in  100 
pi  saline)  was  injected  via  intra¬ 
cardiac  route  one  week  following 
the  viral  gene  transfer.  Breast 
cancer  progression  was  monitored 
via  bioluminescence  imaging  for 
3  weeks.  The  tumor  growth  is 
measured  as  ratio-increase  in 
bioluminescence  counts  following 
tumor  cell  implantation  until  the 
end  of  the  experiment. 

The  mice  treated  with  only  rAAV-OPG.Fc  showed  significant  inhibition  of  metastatic  tumor  growth  in 
the  visceral  organs  and  skeleton,  whereas  enhanced  tumor  growth  was  observed  in  mice  treated  with 
rAAV-endostatin  as  well  as  rAAV-OPG.Fc  and  rAAV-endostatin  combined  (Figure  1,  2  &  3). 
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Figure  2 :  Tumor  growth  in  the  tibia 
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Figure  3:  Overall  Tumor  Growth 
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REPORTABLE  OUTCOMES 

None 

CONCLUSIONS 

rAAV-OPG.Fc  treatment  was  highly  effective  in  inhibiting  metastatic  progression  of  4T1  mammary 
carcinoma  cells  in  this  mouse  model.  On  the  contrary,  rAAV-endostatin  promoted  metastatic 
progression  of  4T1  cells  when  given  either  alone  or  in  combination  with  rAAV-OPG.Fc  and  warrants 
further  investigation. 
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